Abstract: Ninety-one lakes distributed along the Tatra Mountains (most of lakes > 1 ha and 65% of lakes > 0.01 ha) were sampled and analysed for ionic and nutrient composition in September 2004 (15 years after reduction in acid deposition). Eighty-one lakes were in alpine zone and ten lakes in Norway spruce forest. The results were compared to similar lake surveys from 1994 (the beginning of water recovery from acidification) and 1984 (maximum acidification). Atmospheric deposition of SO + and Al concentrations occurred in the most acid lakes. On a regional basis, no significant change was observed for total phosphorus, total organic nitrogen, and dissolved organic carbon (DOC) in the 1994-2004 period. However, these parameters increased in forest lakes, which exhibited an increasing trend in DOC concentrations, inversely related (P < 0.001) to their decreasing ionic strength (30% on average in [1994][1995][1996][1997][1998][1999][2000][2001][2002][2003][2004].
Introduction
Lake water chemistry in the Tatra Mountains (Mts) (Slovakia and Poland) has been studied by several regional surveys. The first one was conducted by Stangenberg (1938) Stangenberg, 1938) in the lake district before the onset of a rapid increase in acidification in the 1950s (Kopáček et al., , 2004a . Stuchlík et al. (1985) studied water composition of most lakes situated in the Slovak part of the central massif of the Tatra Mts in the beginning of the 1980s. In 1984, they analysed fifty-tree lakes for major ion composition. These data have been partly used by Fott et al. (1994) and Kopáček & Stuchlík (1994) , and fully published by Stuchlík et al. (2006) . Henriksen et al. (1992) evaluated chemistry of most lakes on the Polish part of the High Tatra Mts in 1991. The 1984 and 1991 surveys provided data representing lake water composition from the period of maximum acid deposition, which has been reversed due to political and economical changes occurring in central Europe since 1989 .
The next regional surveys included lakes from the entire Tatra Mts (West and High Tatra Mts, including their Slovak and Polish parts). The first whole regional lake water survey included 110 lakes and was conducted in September 1992 (Stuchlík, unpubl. data) . Eighty-nine lakes selected on the basis of the 1992 survey were re-sampled in September 1993 and 1994, and analysed for both ionic composition and nutrient status (Kopáček et al., 2000b) . This was the first regional survey including determination of phosphorus forms, organic carbon, organic nitrogen, and chlorophyll-a. The 1993-1994 survey represents the early period of lake water recovery from acidification (Kopáček et al., 2004a ). In September-October 2000, forty-nine large alpine lakes (with surface area > 0.3 ha) were sampled along the whole lake district and analysed for major ions, nutrients, heavy metals, biota, and sediments (Stuchlík, unpubl. data) . These data were together with the previous surveys used to evaluate a regional response of the Tatra lakes to the previous and future expected changes in acid deposition Kopáček et al. (2004a) .
The last whole lake district survey was conducted in 2004, i.e., fifteen years after the beginning in reduction of acid deposition. This study evaluates ionic and nutrient (phosphorus, nitrogen, organic carbon and silica) composition of the Tatra lakes in 2004, and compares them with those from the 1994, 1984, and 1937 surveys.
Material and methods

Description of study sites
The Tatra Mts are situated along the Slovak-Polish border at 20
• 10 E and 49
• 10 N. Lakes are in the west and central part of the Tatra Mts, the calcareous eastern part is lakeless. There are 22 major lakes and 18 small lakes (seasonal or < 0.01 ha) in the West Tatra Mts. This part is predominantly formed of granodiorite granite, gneiss and mica schist (NEMČOK et al., 1993) . The central massif (the south-and north-oriented Slovak and Polish parts of the High Tatra Mts, respectively) is mostly formed of granodiorite (biotite granodiorites to tonalites; NEMČOK et al., 1993; GOREK & KAHAN, 1973 ) and there are 116 major lakes and 105 small lakes (seasonal or < 0.01 ha).
The Tatra lakes are of glacial origin and are mostly (∼70%) situated in the alpine zone above 1800 m above sea level (a.s.l.). Surface areas and maximum depths of the lakes are < 35 ha and < 79 m, respectively. Grazing, logging, or any other kinds of land uses have been prohibited in the lake district since the 1950s when the Tatra Mts became a national park. The lakes are mostly fishless, except for a few lakes in the West Tatra Mts, populated with bullhead, and in the central massif, populated (mostly artificially) with brook and brown trout.
Forest soils above 1100 m a.s.l. are predominantly chocolate-brown mountain forest soils and humus-ferric podsols of < 1 m depth, with the respective values of pH (H2O extracted) and base saturation within ranges of 3.0-4.0 and 6-15% in organic horizons, and 3.8-5.0 and 2-10% in mineral horizons (PELÍŠEK, 1973a, b) . Alpine soils in the meadow areas of the Western and High Tatra Mts are undeveloped, with negligible carbonate content. Soil depth and amount of the dry weight < 2 mm soil fraction vary from 0.1 to 0.84 m and from 38 to 255 kg m −2 , with averages of 0.45 m and 121 kg m −2 , respectively. Soils are acid, with pH (H2O extracted) of 4.4 ± 0.3 (average ± standard deviation) in organic and 4.6 ± 0.3 in mineral horizons. The cation exchangeable capacity (1 M NH4Cl extractable Ca 2+ , Mg 2+ , Na + , and K + plus 1 M KCl extractable Al 3+ and H + ) of alpine soils varies between 20 and 207 meq kg −1 and is dominated by exchangeable Al 3+ (70% on average). The averages of soil base saturation and C : N molar ratios are 12% and 17, respectively (KOPÁČEK et al., 2004b (KOPÁČEK et al., , 2006b ). The till soils in moraine areas form thin (< 3 cm deep) layers covered by a 20-60 cm thick layer of surface stones, or lenses between stones. Pools of the till soils vary between 4-33 kg m −2 , with an average of 13 kg m −2 (< 2 mm; dried weight), and their chemical composition is similar to mineral layers of alpine soils (KOPÁČEK et al., 2004b (KOPÁČEK et al., , 2006b .
The dominant vegetation is coniferous forest (mostly Picea abies, partly Larix decidua and Pinus cembra) below 1550 m a.s.l. Vegetation of the alpine zone of the Tatra Mts is dominated by alpine meadows (dry tundra with mostly Festuca picturata, Luzula alpino-pilosa, Calamagrostis villosa, and Juncus trifidus), with patches of dwarf pine (Pinus mugo), and an increasing percentage of rocks (bare or covered with lichens -commonly Rhizocarpon, Acarospora oxytona, and Dermatocarpon luridum) above the upper tree line of 1800 m a.s.l. (VOLOŠČUK, 1994) .
The average annual air temperature decreases with elevation by 0.6
• C 100 m −1 , being 1.6 and −3.8
• C at elevations of 1778 and 2635 m, respectively (KONČEK & ORLICZ, 1974) . The amount of precipitation increases with a rise in elevation, varying from ∼1.0 to ∼1.6 m yr −1 between 1330 and 2635 m a.s.l., but reaches > 2 m yr −1 in some valleys (CHOMITZ & ŠAMAJ, 1974) . Precipitation is generally higher in the northern part than in the southern part of the mountains, as is runoff, which averages 1.42 and 1.57 m yr −1 for the south and north parts, respectively (LAJCZAK, 1996) . Snow cover usually lasts from October to June at elevations > 2000 m.
Sampling and analyses
Ninety-one lakes distributed along the West and High Tatra Mts between 1089 and 2189 m a.s.l. were sampled in late September 2004 (Appendix 1). Eighty-nine lakes had area > 0.01 ha, included almost all lakes with area >1 ha, and represented 65% of all lakes > 0.01 ha. Two smaller lakes (RA-5 and GA-18) were included to increase a number of lakes situated in meadows. The lakes were selected to represent all groups of lakes according to the types of catchment vegetation as defined by KOPÁČEK at al. (2000b) : 1 -forest lakes (F, spruce forest or dwarf pine covers > 80% of catchment); 2 -meadow lakes (M, meadows and dwarf pine cover > 70% of catchment); 3 -meadow-rocky lakes (MR, meadows and/or rocks cover 30-70% of catchment); 4 -rocky lakes (R, rocks cover > 70% of catchment). All particular lake groups include both drainage and seepage lakes. Among the lakes studied, the following ones may be affected by the close vicinity of hotels and tourist cottages: MO-2, PS-5, SK-1, ST-9, ZE-4. Lake Zl-8 receives treated wastewater.
Samples were taken from the outflow or surface (10-20 cm depth) and were prefiltered through a 40-µm polyamide sieve to remove zooplankton and coarse particles. Algae were small and were not retained on the sieve (except for ST-6 and ST-7). Because of windy weather during the sampling and low temperatures (1 to 10 • C; median of 5 • C), the lakes were likely mixed to depths greater than the epilimnion. For details on seasonal trends in temperature of the Tatra lakes see ŠPORKA et al. (2006) .
Samples were filtered within 8 hours after sampling in the field laboratory, with either membrane filters (pore size of 0.45 µm) for the determination of ions or with glass-fiber filters (pore size of 0.4 µm) for other analyses. Samples for pH, acid neutralising capacity (ANC, determined by Gran titration), and total concentrations of Al, P, C, and organic N were not filtered beyond the field pre-filter. Samples for NO 
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other samples were stored in darkness at 4
• C prior to analyses (< 3 weeks). Dissolved organic carbon (DOC) was analysed with a TOC 5000A analyser (Shimadzu). Total and dissolved P (TP and DP) were determined by perchloric acid digestion and the phosphomolybdate blue method according to KOPÁČEK & HEJZLAR (1993) , but samples were 4-6-fold concentrated by evaporation (with perchloric acid at ∼115
• C prior to digestion) to obtain a detection limit of ∼0.02 µmol L −1 . DP concentrations were determined only in 17 samples, with TP > 0.16 µmol L −1 (5 µg L −1 ). Total organic N (TON, the difference between the Kjeldahl-N and NH4-N) were determined by Kjeldahl digestion according to PROCHÁZKOVÁ (1960) , but 75 mL of samples were evaporated to obtain a detection limit of ∼2 µmol L −1 . Particulate P (Ppart) was the difference TP -DP. Particulate C (Cpart) was the difference between concentrations of total and dissolved C analysed with a Formacs TOC/TN analyser (Skalar) for both the unfiltered sample and the filtrate. Particulate N (Npart) was obtained analogously to Cpart. Dissolved reactive silica (Si) was determined with a molybdate method (GOLTERMAN & CLYMO, 1969) . Fractionation of aluminium according to DRISCOLL (1984) , i.e., total Al, dissolved Al, and organically bound Al (Alo) were analysed in non-filtered samples, filtered samples, and cation exchange treated samples after their filtration, respectively, using the method by DOUGAN & WILSON (1974) . Dissolved Al and Alo were analysed only in 14 samples, with total Al con- The accuracy and precision of analytical methods were checked by means of standard samples, which were assayed with each series of samples. The accuracy of analyses was also checked using ion balance calculations for each sample, including organic acids (KOPÁČEK at al., 2000a) . The differences between the sum of cations and the sum of anions were < ±5% of the ionic concentration for all samples used in this study.
Trends in lake water chemistry Two lakes used for trend analysis represent different catchment categories. Jamské pleso (lake ST-1) has catchment dominated by spruce forest and Veľké Hincovo pleso (lake ME-1) represents meadow-rocky lakes. The data on their chemistry are from STUCHLÍK et al. (1985 STUCHLÍK et al. ( , 2006 , KOPÁČEK & STUCHLÍK (1994) , KOPÁČEK at al. (2002) , and unpublished data for the 2000-2004 period. Two Polish lakes with extensive historical records of water chemistry (Czarny Staw pod Rysami, MO-1; and Morskie Oko, MO-2) were used to describe long-term trends Changes in lake water composition between regional surveys were tested statistically using a single-tailed t-test on sample pairs. Of the 91 lakes sampled in 2004, 85 and 49 were sampled in the 1993-1994 and the 1984 lake surveys, respectively . The 1993-1994 data are referred as the 1994 survey throughout the text.
Results and discussion
Lake water chemistry in 2004
Ionic concentrations of the 91 sampled lakes varied within one order of magnitude but were low (Appendix 1), compared to most European mountainous freshwaters (e.g., Psenner & Catalan, 1994; . Their conductivity ranged from 8 to 49 µS cm 3 median concentrations in other European alpine lake districts (e.g., Psenner & Catalan, 1994; Marchetto et al., 1995) . NH + 4 concentrations were low in most of lakes, not exceeding 1.2 µmol L −1 in 75% of the lakes studied. Compared to the composition of wet-only precipitation, the lakes had substantially higher pH, and concentrations of HCO − 3 , Si, all base cations (Ca 2+ , Mg 2+ , Na + , and K + ), and Al. The lakes also had slightly higher concentrations of Cl − (all lakes) and NO − 3 (in rocky and meadow-rocky catchments), comparable con- Explanations: ANC -acid neutralising capacity, Gran titration; Ch-a -chlorophyll-a; DOC -dissolved organic carbon; TN -total nitrogen; TON -total organic nitrogen; TP -total phosphorus; conductivity at 25 • C. One µeq is one µmol of charge. The 2004 water chemistry of the Tatra lakes exhibited similar general patterns, controlling lake water acidity and nutrient concentrations, observed for this lake district during previous lake surveys (Kopáček, et al., 2000b (Kopáček, et al., , 2006a Stuchlík, et al., 2006) .
The acid status of the lakes was closely related to their concentrations of base cations, predominantly calcium and magnesium. Both ANC and pH were strongly correlated to the sum of the Ca 2+ + Mg 2+ concentrations (r = 0.99; P < 0.001 and r = 0.93; P < 0.001, respectively). In addition, the negative correlation between water pH and DOC concentrations (r = 0.57; P < 0.001) suggests the importance of organic matter for the acid status of lakes, predominantly those situated Lake water chemistry: Recovery phase in forest and meadow catchments (Tab. 2). DOC represented on average 25 µeq L −1 (i.e., 34% of the sum of anions) in the forest lakes.
Concentrations of Ca 2+ and ANC (or HCO − 3 ) in the Tatra lakes exhibit a random distribution with no correlation to composition of the dominant siliceous bedrock or composition and pools of soils (Kopáček et al., 2004b (Kopáček et al., , 2006b ). This result indicates that the presence of easily weatherable rocks in some catchments is the dominant Ca 2+ source for lakes, rather than weathering of the dominant bedrock. A similar observation was made by Kamenik et al. (2001) in the Alps. In contrast to Ca 2+ or Mg 2+ , 32% and 42% variability in K + and Na + concentrations, respectively, was in the alpine lakes associated with Si concentrations (Fig. 1 ) and seemed to be associated with the weathering of the dominant siliceous bedrock.
Variability in pH explained 46% of variability in Al concentrations (P < 0.001). This relationship reflected two general effects: (i) terrestrial export of ionic Al forms is related to soil acidity and pH of soil solutions (Reuss et al., 1987) and (ii) terrestrial export of Al o is related to DOC (Driscoll & Postek, 1996) . The DOC concentrations explained 68% of variability in Al o concentrations (P < 0.001) in the Tatra lakes and the average molar Al o : DOC ratio was 0.007. Forest lakes had both low pH and high DOC concentrations and, consequently, also highest Al concentrations (Tab. 2). Al o concentrations represented on average ∼40% of total Al pools in the forest lakes.
Concentrations of nutrients (TP, N forms, and DOC) and chlorophyll-a were primarily related to the catchment characteristics. They were within the ranges typical for oligotrophic lakes (Wetzel, 2001 ) in all alpine lakes, but differed significantly in the forest lakes (Tab. 2). The forest lakes had highest DOC, TP, and TON concentrations and lowest NO − 3 concentrations. In the alpine lakes, DOC, TP, and TON concentrations decreased with the decreasing vegetation (and soil) cover, while NO − 3 concentrations increased along the same gradient (Tab. 2). The reasons and consequences of this relationship are discussed elsewhere (Kopáček et al., 2000b (Kopáček et al., , 2004b . Similarly to the 1994 regional survey ( Stuchlík et al., 2006) , exceptionally high concentrations of TP, TON, and Al were found in a small and shallow lake SI-1 (Tiché pleso) (Appendix 1), which had muddy water due to sediments stirred up by deer. Consequently, this lake was excluded from further evaluations.
Correlations between TP vs. chlorophyll-a and TON concentrations in the Tatra lakes (Fig. 2) suggest that their primary production of phytoplankton was phosphorus limited. Similarly, high molar C part : P part ratios (100 to 700, with an average of 290) and N part : P part ratios (12 to 64, with an average of 35) in the lakes indicate the P limited growth of plankton (Hecky et al., 1993) . Consequently, lakes with higher P input (i.e., forest and meadow lakes) had higher internal production of organic matter and higher assimilative reduction in inorganic nutrient forms (Wetzel, 2001 ). Higher primary production increased DOC and TON concentrations, and reduced NO − 3 concentrations. However, the high DOC concentrations in lakes were caused not only by higher primary production but also by soil DOC leaching, which is directly related to the catchment organic C pools (Kopáček et al., 2004b) . The higher terrestrial DOC leaching is accompanied by higher P export from soils. The catchments with a larger soil pool exported more DOC and associated P (and TON) to the lakes, where the DOC and TON concentrations were further increased proportionally to the P load by primary production. As a result, concentrations of TP, TON, DOC, and chlorophyll-a were closely correlated (P < 0.001) in the lakes studied and exhibited negative correlations with NO − 3 concentrations (all P < 0.001).
The result of the catchment effect on in-lake nutrient concentrations was that the acid (and Al rich) Tatra lakes with ANC < 20 µmol L −1 had on average higher algal productivity (higher chlorophyll-a concentrations) than non-acid lakes with higher pH and ANC and negligible Al concentrations (Tab. 2). This paradoxical pattern (higher productivity of more toxic water) resulted from the high proportion of DOC-rich lakes in the cat- egory of acid lakes. All 18 lakes with ANC < 20 µmol L −1 had low concentrations of Ca 2+ + Mg 2+ , but 11 of them had also high DOC (and organic acids) concentrations due to their forest or meadow catchments (Appendix 1). The remaining 7 lakes with ANC < 20 µmol L −1 (BA-2, GA-9, ME-4, MO-6, MS-3, NE-1, and VS-12) were situated in meadow-rocky and rocky catchments and had DOC concentrations from 17-89 µmol L −1 . These lakes are small (< 0.5 ha, except for GA-9 with area of 1.4 ha), confirming the observation by Stuchlík et al. (1985) that small lakes are more sensitive to atmospheric acidification than large lakes with large catchments (and higher probability of the occurrence of some terrestrial Ca 2+ + Mg 2+ sources).
Recovery of the lake district from acidification Atmospheric acidification of the Tatra lakes progressed with the increasing atmospheric deposition of SO
2− 4
and inorganic N (NO
) since the early 20 th century ) and peaked in the 1980s (Fig. 3) . At that time, concentrations of SO
and NO − 3 reached their maxima (Fig. 3) and one third of lakes had ANC < 20 µmol L −1 (Kopáček et al., 2004a) . Subsequent to the period of relatively stable water composition of the lakes during the 1980s (Fig. 4) , their chemistry has been significantly changing in the whole lake district (Tab. 3) due to 57% and 35% declines in atmospheric deposition of SO
and inorganic N, respectively, in this region ). These changes have been associated with the significant reduction in European acid emissions after the 1980s (Schöpp et al., 2003) , which resulted in a widespread recovery of European mountainous ecosystems from atmospheric acidification (e.g., Wright et al., 2005) . In general, water chemistry has exhibited similar patterns throughout the European mountains (declining concentrations of strong acid anions, base cations, and Al, and increasing ANC and pH). The intensity of these changes, however, differs among the lake districts ), as well as among different types of catchmentlake ecosystems within a lake district (Kopáček et al., 2004a) . Evaluation of the results based on the 1984, 1994, and 2004 lake surveys enables a detailed regional quantification of the changes in water chemistry during the recovery phase for different types of the Tatra lakes.
The 2004 (Figs 3, 4) . Consequently, the highest SO 2− 4 concentrations were in all lakes observed during the 1984 regional survey (Fig. 5) , while those of the 1994 survey were already on average Lake water chemistry: Recovery phase concentrations decreased in 65% but increased in 24% of lakes in the 1984-1994 period (Fig. 5) , which resulted in only a slightly decreasing regional trend (Tab. 3). This low response was in contrast to the decrease in emission and deposition of inorganic N in central Europe, which had the maximum rate in the early 1990s . Concentrations of NO (Fig. 6 ). Fig. 4 shows examples of such trends typical for forest and alpine lakes. The probable reason for this pattern was higher SO 2− 4 deposition into the forest than alpine catchments. Forested areas have higher specific surface areas and, consequently, higher dry and occult deposition of SO 2− 4 . The difference between throughfall and wet-only deposition of SO
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2− 4
increases with the SO 2 concentrations in the atmosphere (Moldan, 1991) . This suggests that the difference between atmospheric inputs of SO
into the forest and alpine catchments was highest in the 1980s. Consequently, the change in lake water composition after the decline in SO 2− 4 deposition was steeper in forest than alpine lakes (Fig. 4) . In contrast to SO 2− 4 , the decline in NO − 3 concentrations was higher in alpine lakes, and was inversely related to the proportion of catchment vegetation, thus reflecting their sensitivity to N deposition (Fig. 6) . Despite a significant reduction in SO higher than their respective "background" concentrations in 1937 (Fig. 5) .
Concentrations of Ca 2+ and the sum of base cations observed in 2004 were generally lower than (Fig. 6) .
Changes in ANC concentrations resulted from changes in both strong acid anions and base cations. On a regional basis the ANC concentrations did not change between 1984 and 1994, but increased on average by 29 µmol L −1 between 1994 and 2004 (Tab. 3). This increase was highest in rocky and lowest in forest lakes (Fig. 6) . Over the last decade, the proportion of lakes with ANC > 150 µmol L −1 increased from 15% to 21% and that of ANC < 20 µmol L −1 decreased from 37% to 20%.
The highest decline in H + and Al concentrations occurred in the most acid lakes (Fig. 7) . This means that the category of forest lakes with the lowest pH values (Tab. 2) exhibited the most pronounced decline in H + ions (Fig. 7) . Surprisingly, Al concentrations decreased most in rocky and meadow-rocky lakes. This change in Al concentrations was probably due to the declined terrestrial export of ionic Al into acid alpine lakes. A similar decline in concentrations of ionic Al in forest lakes was probably mitigated by increasing input of terrestrial organic matter and associated Al o . Concentrations of dissolved organic carbon in the Tatra forest lakes have been increasing during recovery (Fig. 8) similarly to other European sites (e.g., surface waters A recovery in DOC quantity (and also quality) with recovery from acidification was observed also in the Experimental Lakes Area (Donahue et al., 1998) . Of the 10 Tatra forest lakes sampled both in the 1994 and 2004 surveys, DOC concentrations increased in 8 (on average by 120 µmol L −1 ) and decreased in two lakes. At the average Al o : DOC ratio of 0.007 mol mol −1 , the DOC increase in forest lakes could increase Al o concentrations by ∼0.8 µmol L −1 . Consequently, forest lakes exhibited the lowest decline in Al concentrations among all lake categories, despite the most pronounced decline in H + concentrations (Fig. 7) . Fig. 8 suggests that the increase in organic carbon concentrations in lake ST-1 may be associated with decreasing ionic strength (and SO
concentrations) of water during recovery, which can explain (P < 0.001) Lake water chemistry: Recovery phase S29 76% of the variability in COD concentrations in this lake. No similar COD trend was observed for alpine lakes. The ionic strength of the lake water decreased on average by 56 and 44 µmol L −1 in forest and alpine lakes, respectively, in the 1994-2004 period. These declines, however, represented 31% of the original (1994) ionic strength in forest lakes and only 13% in alpine lakes. This small relative change in water composition in the alpine zone probably explains insignificant changes in organic carbon concentrations in the alpine lakes.
Concentrations of TP and TON did not exhibit any significant regional change in the 1994-2004 period (Tab. 3) but increased in forest lakes (on average by 0.018 and 2.0 µmol L −1 , respectively), due probably to the elevated terrestrial DOC input. In contrast, chlorophyll-a concentrations increased significantly in the lake district (Tab. 3), with average increases of 4.2 and 0.6 µg L −1 in forest and alpine lakes, respectively. On the basis of these two surveys it is difficult to speculate about the reason of such increase. It may be due either to inter-annual variability (e.g., climatic effects) or changes in P bioavailability after the increase in water pH and decrease in concentrations of ionic Al. The latter effect was observed in laboratory experiments by Nalewajko & Paul (1985) . The impact of chemical changes on nutrient content of the Tatra lakes during their recovery from acidification thus remains unclear on the basis of the regional surveys and deserves more detailed studies of trends in both chemistry and biology of individual lakes. Na Explanations: 1) Lake codes are mostly derived from the names of valleys and numbers denote lake location, starting from the valley head and increasing down-valley. 2) Abbreviations N. and V. represent terms Nižné and Vyšné, respectively; pl., pls., and St. represent terms pleso, pliesko, and Staw, meaning tarn in Slovak and Polish, respectively; *Wyżni Mnichowy St. -Największy (IX). 
Conclusions
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